One contribution of 9 to a Theme Issue 'Towards a systems model of resilience'. The identification of biomarkers for post-traumatic stress disorder (PTSD) and resilience/recovery is critical for advancing knowledge about pathophysiology and treatment in trauma-exposed persons. This study examined a series of glucocorticoid-related biomarkers prior to and in response to psychotherapy. Fifty-two male and female veterans with PTSD were randomized 2 : 1 to receive either prolonged exposure (PE) therapy or a weekly minimal attention (MA) intervention for 12 consecutive weeks. Psychological and biological assessments were obtained prior to and following treatment and after a 12-week naturalistic follow-up. Response was defined dichotomously as no longer meeting criteria for PTSD at post-treatment based on the Clinician Administered PTSD Scale for DSM-IV (CAPS). Clinical improvement on the CAPS was apparent for both PE and MA, with no significant difference according to treatment condition. Biomarkers predictive of treatment gains included the BCLI polymorphism of the glucocorticoid receptor gene. Additional predictors of treatment response were higher bedtime salivary cortisol and 24 h urinary cortisol excretion. Pre-treatment plasma dehydroepiandrosterone/ cortisol ratio and neuropetide Y (NPY) levels were predictors of reductions in PTSD symptoms, and, for NPY only, of other secondary outcomes as well, including anxiety and depression ratings. Glucocorticoid sensitivity changed in association with symptom change, reflecting clinical state. It is possible to distinguish prognostic and state biomarkers of PTSD using a longitudinal approach in the context of treatment. Identified markers may also be relevant to understanding mechanisms of action of symptom reduction.
Introduction
There has been a growing interest in identifying and distinguishing deploymentrelated functional biomarkers that could be relevant to military personnel and combat veterans [1, 2] . Biomarkers associated with risk for the development of post-traumatic stress disorder (PTSD) can ostensibly be measured prior to combat exposure to predict vulnerability for PTSD following a critical incident [3, 4] . Although some risk factors would not be subject to change (e.g. genetic polymorphisms, childhood trauma), others, such as those that affect the nature, intensity and duration of the response to a trauma, can change over time (e.g. epigenetic or functional changes associated with an earlier exposure) [5] . Related to risk markers are prognostic measures that are obtained following trauma exposure to permit the prediction of resistance to or emergence, chronicity or recurrence, of symptom development, following biological changes resulting from exposure. Like risk biomarkers, prognostic measures may or may not be subject to further change and are useful in their ability to aid in the prediction of a later outcome [1] .
By contrast, diagnostic or state markers of PTSD are measures that distinguish those with and without PTSD at a particular time [6] . In some cases, diagnostic biomarkers would also associate with clinical state or extent of & 2014 The Author(s) Published by the Royal Society. All rights reserved.
symptom severity among those meeting the diagnostic criteria or in those below the diagnostic threshold. In a cross-sectional sample of people with and without PTSD, risk, prognostic, diagnostic and symptom severity markers can overlap and are not easily distinguished from each other. However, when assessed longitudinally, state markers vary in relation to symptom change while biomarkers indicative of resilience (i.e. recovery, symptom improvement) will either predict symptom improvement or emerge when symptoms decline [7] .
Longitudinal assessment of pre-and post-treatment biomarkers can distinguish prognostic from state-related markers of PTSD. The extent to which these markers overlap with those associated with risk for the development of PTSD is of interest because predictors that change over time in association with symptom severity (such as hormonal or gene expression markers) may provide insight into mechanisms related to symptom expression, whereas markers that do not change with clinical state (such as genotype) may have prognostic value [2] . Risk markers that are functionally related to illness onset but also associate with symptom change may be particularly robust targets for treatment development. For example, changes in indices of the hypothalamic pituitary adrenal (HPA) axis have been associated with both risk for PTSD and symptom severity [5, 8] .
Only a few studies have examined biomarkers before and after psychotherapy in PTSD. These have focused on brain imaging, psychophysiological and endocrine measures, and more recently, epigenetic markers [9] . With respect to brain imaging, findings regarding structural changes in hippocampal volume following treatment are mixed, with one study failing to observe changes [10] , and another demonstrating increased hippocampal volume [11] . Amygdala reactivity to laboratory-induced symptom provocation is attenuated following treatment [12] . Increased FKBP5 gene expression has also been observed in association with symptom reduction following psychotherapy for PTSD [11] . Elevated heart rate responses to laboratory stressors diminish following treatment [13] . At post-treatment, responders to psychotherapy have also exhibited increased plasma cortisol [14, 15] and decreased salivary cortisol responses immediately following imaginal recall of their trauma [16] .
In addition to distinguishing biomarkers, studies examining changes in biological variables following psychotherapy can also inform how biological and psychological mechanisms interact in PTSD. In that psychological factors modulate biological responses to stress and vice versa [17, 18] , such knowledge will enhance our understanding of mechanisms involved in symptom maintenance and decline. For example, we have previously hypothesized that PTSD occurs because of a failure to properly contain the release of adrenaline in response to threat-an adaptive response that maximizes physiological capacity for fight-or-flight. Sympathetic nervous system responses following threat are contained by the activation of the HPA axis culminating in the release of cortisol [19] . However, persons at risk for PTSD demonstrate attenuated cortisol increases in the acute aftermath of trauma [20] , possibly resulting from increased sensitivity of glucocorticoid receptors (GRs) prior to trauma exposure [21] . Premature termination of the HPA axis secondary to enhanced GR sensitivity and negative feedback inhibition could result in sustained elevations of catecholamine levels, and the perpetuation of the intrusive and hyperarousal symptoms of PTSD, leading to the elaboration of avoidance symptoms [19, 22] .
This study was designed to examine measures of the HPA axis and endocrine markers that have been described in relation to resilience, risk and pathophysiology [23] in association with prolonged exposure (PE) psychotherapy and a minimal attention (MA) condition, described below. Since PE is associated with large effect sizes in civilians [24] , the MA condition was included to ensure a sufficient proportion of non-responders and adequate post-treatment variation in clinical severity. We anticipated that PE would result in greater improvement than MA. Randomization to these conditions was designed to yield a sample at post-treatment with a variable degree of symptom improvement, which could be examined using continuous variables, or dichotomously by dividing the sample into treatment responders or non-responders.
Since glucocorticoid sensitivity, levels and circadian rhythmicity have been associated with symptom severity in cross-sectional studies, we hypothesized these measures would reflect state and would change in association with symptom improvement. We further hypothesized that resilience-related markers such as dehydroepiandrosterone (DHEA), the ratio of DHEA/cortisol, and neuropeptide Y (NPY) would be prognostic indicators of recovery, and would associate with or predict PTSD and related secondary markers associated with PTSD (depressive and anxiety symptoms, global mental health functioning) at post-treatment.
Finally, in view of our recent report of methylation status of the 1F promoter region of the GR gene as a predictor of treatment response to PE in a smaller subset of participants to be reported below [9] , we added the assessment of a GR gene (NR3C1) BCLI polymorphism that has previously been associated with HPA-axis reactivity generally [25] and in PTSD [26] . Since the BCLI polymorphism has been associated with increased GR sensitivity, we hypothesized that it would be a prognostic indicator of recovery that would associate at post-treatment with other neuroendocrine correlates of response such as glucocorticoid sensitivity and circadian rhythmicity.
Subjects and methods

Subjects
Participants in this study were veterans receiving treatment in the PTSD clinic at the James J. Peters Veterans Affairs Medical Center (JJP VAMC) and were either self-referred or referred by their treating clinician. The study protocol was approved by the Institutional Review Boards of the JJP VAMC and the Icahn School of Medicine at Mount Sinai. Written informed consent and HIPAA authorization were obtained from all participants prior to the initiation of any study procedures, including the assessment of inclusion/exclusion criteria.
A total of 113 veterans (104 men, nine women; 74 who served in Iraq or Afghanistan, 32 from the Vietnam era and seven who served in Gulf War I or other conflicts) provided informed consent. Participants were eligible for randomization if they experienced a Criterion A trauma during military service and met DSM-IV criteria for PTSD with a duration of at least six months. Twenty-eight veterans were excluded following medical and psychological evaluation for one or more of the following reasons: significant illness, such as insulin-dependent diabetes, seizure disorder or disease requiring ongoing treatment with systemic steroids (n ¼ 7); a recent change in medication and unable to wait until stabilization for two rsfs.royalsocietypublishing.org Interface Focus 4: 20140048 months (n ¼ 4); current substance abuse or dependence within the last six months (n ¼ 8); psychosis, bipolar disorder, obsessive compulsive disorder (n ¼ 9). Thirty-three veterans discontinued participation prior to treatment initiation.
Of the 52 that were randomized to condition, 37 completed the trial. Of the 15 who chose to discontinue treatment, 12 (31%) were in the PE group and three (21%) were in the MA group; 13 were OIF/OEF veterans, one served in Vietnam and one in Gulf War I.
Study design
The purpose of the study was to evaluate biological and psychological measures at two time points before and after treatment to evaluate the extent to which biological measures predict or associate with symptom change. Psychotherapy was used rather than biological treatment so that biological change would not be the result of the introduction of medications that might have direct effects on the measures of interest. Given the reported rates of recovery from PTSD following PE in civilian samples [24] , an MA condition was introduced so as to ensure a sufficient proportion of 'nonresponders' and associated range of post-treatment symptom severity. Participants were randomized 2 : 1 to receive either PE or MA. Both PE and MA were administered according to manualized protocols developed by Foa et al. Veterans underwent a comprehensive psychological evaluation to assess baseline symptom severity. As part of the evaluation, blood, urine and saliva were obtained over a 2-day period prior to randomization. The same psychological and biological assessments were completed after 12 weekly sessions and again after three months. The psychological assessment was performed by an independent (i.e. non-treating) clinical psychologist at post-treatment and follow-up.
PE consists of weekly 90 min sessions [27] . Procedures include education about reactions to trauma, breathing retraining, exposure to trauma memories and situations the patient avoids, and discussion of thoughts and feelings related to exposure exercises. MA consists of weekly 30 min phone calls to the patient by the study therapist to monitor symptoms. The intervention was designed to ensure the safety of the veterans and to prevent loss to follow-up.
At post-treatment, participants were asked not to initiate new therapeutic interventions until after the three-month follow-up so that the stability of biological and psychological changes could be assessed at follow-up. However, in the interests of expediting clinical care, those who had been randomized to MA were permitted the opportunity to engage in PE or other treatment modalities within the PTSD clinic, as desired. Four of the 12 MA participants included in the analyses eventually opted to receive PE. Two received PE after completing their follow-up assessments, and two received PE sooner, and so did not complete follow-up assessments. Therefore, no follow-up scores reflect changes due to an additional intervention.
Clinical outcomes
The primary outcome was PTSD diagnosis (and symptom severity) as measured by the Clinician Administered PTSD Scale for DSM-IV (CAPS) [28] . The PTSD Symptom ScaleSelf-Report Version (PSS-SR) was used as a self-report of PTSD symptoms [29] . Three secondary outcomes measured relevant clinical indicators of: (i) depressive symptoms (Beck Depression Inventory (BDI) [30] ), (ii) anxiety (Spielberger Trait and State Anxiety Inventory (STAI) [31] ), and (iii) general mental health functioning (Medical Outcomes Study 36-item short-form (SF-36) [32] ). Other clinical and demographic measures were obtained to (i) characterize the sample, (ii) identify potential clinical predictors of response, and (iii) identify potential covariates for the biological analyses. These included the Deployment Risk and Resiliency Inventory (DRRI) to assess military and civilian life events pre-and post-deployment [33] and the Interpersonal Support Evaluation List (ISEL) [34] to assess social support.
Treatment was provided in the PTSD clinic by licensed or licence-eligible clinical psychologists who had been trained and supervised to criterion by VA certified PE providers on at least two completed PE treatment cases prior to inclusion as study therapists. All sessions were audiotaped for treatment fidelity rating purposes. All CAPS interviews were tape-recorded and monitored for inter-rater reliability, supervised by J.D.F. Consensus conferences were also held to agree on comorbid diagnoses obtained by the Structured Clinical Interview for the DSM-IV (SCID) [35] .
Biological outcomes
The primary biological measures were: (i) GR BCLI genotype, (ii) glucocorticoid sensitivity as assessed by lysozyme inhibition test in cultured peripheral blood mononuclear cells (PBMCs) stimulated by varying doses of dexamethasone (DEX), (iii) measures reflecting glucocorticoid levels (24 h urinary cortisol excretion) and circadian rhythm (bedtime salivary cortisol), and (iv) plasma cortisol, NPY and DHEA.
Blood measures and methods
Blood was drawn on two consecutive mornings at 8.00 into EDTA containing vacutainer tubes. PBMCs were purified as previously described [9] . Some cell pellets were cultured and used for determination of lysozyme IC 50-DEX [36] , and an aliquot was frozen for later DNA extraction [9] . Genotyping of the BCLI polymorphism used the allelic discrimination technique with a qPCR machine [37] . The BCLI is a single nucleotide polymorphism (rs41423247) located in the intron 2 of the NR3C1 gene. This C . G polymorphism was found to be in a Hardy-Weinberg equilibrium (MAF ¼ 0.28), as expected. For the purpose of statistical analyses, genotype was divided into two groups to designate 'carriers' of the G-allele (both homozygous GG and heterozygous CG) and 'non-carriers' (homozygous wild-type).
Plasma for hormone analyses was stored at 2808C. Cortisol, NPY and DHEA were determined by radioimmunoassay (RIA) [9, 38, 39] . The intra-and inter-assay coefficients of variation were 2.7% and 10.2% for cortisol, 3.5% and 11.6% for NPY, and 3.6% and 6.1% for DHEA, respectively.
Urine and saliva samples
Urine samples were collected over a 24 h period and stored frozen until assayed for cortisol as previously described [9] . Creatinine concentrations were obtained to monitor completeness of collection. Participants also collected saliva into Salivette tubes (Starstedt, Numbrecht, Germany) from awakening until bedtime for cortisol determination [40] . The intra-and inter-assay coefficients of variation for the urine rsfs.royalsocietypublishing.org Interface Focus 4: 20140048 cortisol assays were 2.6 and 10.8, respectively, and for salivary cortisol were 2.4 and 10.2, respectively.
Data analyses
The primary aims were to identify biological indicators that predict versus change in association with symptom improvement. These aims were addressed by comparing pre-and post-treatment data. Data collected at follow-up reflect maintenance of effects, but given participant attrition, data from the follow-up are not included in analyses of pre-to posttreatment effects; however, they were used in correlational analyses to determine whether predictors of clinical outcome at post-treatment also predicted associations at follow-up.
Responder status was defined conservatively by the presence or the absence of a PTSD diagnosis at post-treatment as determined by an independent psychologist using the CAPS for DSM-IV. A variety of covariates were examined for their potential association with biological measures including age, gender, body mass index (BMI) and use of psychotropic medications. Significant covariates were used in analysis of covariance and partial correlations as warranted.
Neuroendocrine markers previously associated with PTSD or resilience in cross-sectional studies were measured before and after treatment. Three sets of planned analyses on all biological variables were conducted in order to distinguish predictors of symptom change from correlates of symptom state. Although multiple analyses were performed, the dependent variables were not independent constructs, but domains that are conceptually and biologically linked.
(1) The first set of analyses was performed on pre-treatment biological, demographic and clinical data grouped on the basis of response status at post-treatment time point (i.e. no longer meeting the diagnostic criteria for PTSD). Group differences in pre-treatment measures were considered predictors of recovery (i.e. treatment response status). (2) The second set of analyses compared biological measures at pre-and post-treatment in repeated measures ANOVAs (or ANCOVAs, if appropriate) using the same dichotomous variable of response status as a between subjects factor. A biological variable was considered to be associated with treatment response if there was a significant group Â time interaction. A variable demonstrating a main effect of time (treatment), without a group Â time interaction was also analysed as a possible correlate of symptom change regardless of diagnostic status, or change in secondary, more general clinical measures. In the event that an association was observed in either of the above analyses, follow-up correlational analyses were performed between the biological variable(s) and continuous measures of PTSD and associated symptom severity. This analysis was conducted in order to evaluate whether a biological change was also associated with extent of symptom improvement; difference scores ( pre-minus post-treatment, and pre-minus follow-up) or symptom severity at post-treatment or follow-up were used in these correlational analyses. (3) A third set of analyses examined cross-sectional relationships between biological and clinical indicators. It was hypothesized that biological measures associated with treatment response would correlate cross-sectionally with clinical severity at post-treatment. Given the restricted range of pre-treatment severity, these associations were tested only at post-treatment.
Results
Demographic, descriptive and clinical measures
Baseline comparisons of demographic and clinical characteristics between treatment completers who were assigned to MA or PE were made to evaluate whether randomization was successful. There were no significant differences in any of these variables, which included age, gender, ethnicity, psychotropic medication, combat era or exposure, psychiatric diagnosis and severity, and BMI, indicating a successful randomization to treatment type. There were no significant gender differences in either treatment assignment or treatment response. On average, veterans had a mean CAPS score of 80.8 + 18.5 (mean + s.d.) at pre-treatment, and a lifetime severity score of 96.0 + 17.7, indicating that most people had severe PTSD at the initiation of treatment.
3.2. Demographic and clinical predictors of posttraumatic stress disorder symptom improvement Table 1 shows that several baseline demographic and clinical variables predicted a positive clinical outcome (regardless of treatment condition). Younger veterans, those who were older when they experienced their first trauma, and those with higher self-reported social support (ISEL) were more likely to be responders. Although PTSD severity at pre-treatment was not a predictor of response status, lower 'worst episode' PTSD CAPS scores and greater global impairment as assessed by the SF-36 mental health subscale predicted treatment response. When considering the subset of persons receiving PE only (n ¼ 25), the same predictors were observed (data not shown).
Treatment effects
There were no differences in drop-out rates associated with treatment condition: 12 out of 15 (80%) randomized to MA completed, and 25 out of 37 (68%) randomized to PE completed (x 2 (1) ¼ 0:80 , p ¼ 0.370). In the PE group, there were 11 responders and 14 non-responders; in the MA group, two responders and 10 non-responders. Chi-squared analysis does not show a significant difference in the proportion of responders and non-responders for the two treatment conditions (x 2 (1) ¼ 2:66, p ¼ 0.103). In order to determine whether there were any specific effects of treatment, a repeated measures ANOVA was conducted using treatment type as a between subjects factor. For the primary clinical outcome-PTSD symptom severity as measured by the CAPS total score-there was no significant treatment group by time interaction (F 1,35 ¼ 1.09, p ¼ 0.303), signifying that posttreatment symptom severity was not a function of MA or PE. A significant main effect of time showed improvement from preto post-treatment for both groups (F 1,35 ¼ 16.52, p , 0.0005 ). An average reduction of 23 points on the CAPS (28.7%) was observed in those treated with PE, and those treated with MA showed a mean 14 point reduction (17.2%), a difference that failed to reach significance using x 2 analysis. Therefore, remaining analyses were conducted using treatment response or symptom severity as the primary outcome, regardless of treatment condition. When analyses were conducted additionally covarying for treatment modality, all results retained their significance.
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Additionally, when two-way ANCOVAs were performed evaluating treatment modality and responder status for each biological outcome, there were no treatment type by responder status interactions, indicating that type of treatment did not moderate the relationship between response status and the biological indicators. Finally, when the above analyses were repeated in the PE sample alone, results were unchanged other than in a manner that could be attributed to the reduction in sample size. When data were subdivided by the conservative response status of no longer meeting criteria for PTSD, the group differences at post-treatment were extremely large (F 1,35 ¼ 38.48, p , 0.0005). Regarding the secondary outcomes, for depression there was a main effect of time (F 1,37 ¼ 5.45, p ¼ 0.025) reflecting that depression scores were lower at post-treatment for the entire sample. There were no main effects or interactions with respect to anxiety and general mental health functioning. PTSD responders also showed significant improvement in all secondary measures at post-treatment ( p , 0.001 for all measures).
Relationship between glucocorticoid receptor genotype (BCLI polymorphism), response status and glucocorticoid sensitivity
Chi-squared analysis demonstrated that responders were more likely to carry the GG or GC genotype than the CC genotype (71% versus 30%; x 2 (1) ¼ 6:10, p ¼ 0.013; table 2). The functional significance of this finding is illustrated in figure 1 , which shows a significant genotype by time interaction (F 1,26 ¼ 7.33, p ¼ 0.012) with respect to glucocorticoid sensitivity (reflected by an increased lysozyme IC 50-DEX ), such that those with GG or GC genotypes showed a decrease in glucocorticoid sensitivity following treatment while those with the CC genotype did not. As will be described below, this relationship corresponds to the association of responder status with the change in lysozyme IC 50-DEX over time.
Circadian and endocrine predictors of treatment response
Although no measure reflecting glucocorticoid circadian rhythm was significantly different based on response status at post-treatment, higher pre-treatment salivary cortisol at bedtime predicted greater change in PTSD symptom severity reflected by the change in total CAPS scores from pre-to post-treatment (r ¼ 0. There was a significant group by time interaction indicating that the change in 24 h urinary cortisol excretion from pre-to post-treatment was significantly different for responders than for non-responders (F 1,33 ¼ 5.76, p ¼ 0.022, controlling for gender; figure 2b). Urinary cortisol levels increased for responders, and decreased for non-responders. In this case, the change in CAPS from lifetime (i.e. worst episode) to post-treatment was inversely correlated with change in urinary cortisol from pre-to post-treatment (r ¼20.327, n ¼ 36, p ¼ 0.052), indicating that an increase in urinary cortisol was associated with a positive outcome. There were no effects of time or group Â time interactions for measures reflecting salivary circadian rhythm. Figure 2c demonstrates a different pattern in that plasma NPY increased over time for both responders and nonresponders to treatment (F 1,33 ¼ 4.60, p ¼ 0.040, covaried for age). There were no effects of time or group Â time interactions observed for the DHEA/cortisol ratio.
Cross-sectional correlations at post-treatment
At post-treatment, glucocorticoid sensitivity reflected by the lysozyme IC 50-DEX was correlated with self-reported measures of PTSD severity on the PSS-SR (r ¼20.422, n ¼ 29, p ¼ 0.023), depression on the BDI (r ¼20.361, n ¼ 30, p ¼ 0.050), and anxiety on the STAI-S (r ¼20.500, n ¼ 27, p ¼ 0.006), indicating the utility of this measure as a reflection of state. 
Discussion
A longitudinal approach in the context of a treatment study was used to distinguish biological predictors of recovery and biological correlates of PTSD and related symptoms. Biological measures that were found to be significant predictors of recovery, as defined by the absence of PTSD following treatment, were GR BCLI genotype and the resilience-related marker plasma NPY. Pre-treatment 24 h urinary cortisol excretion also predicted PTSD severity at post-treatment. Additionally, a measure of cortisol circadian rhythmicity, bedtime salivary cortisol, predicted the change in PTSD severity from pre-to post-treatment and follow-up. Biological markers that changed from pre-to post-treatment in association with responder status were glucocorticoid sensitivity, as assessed by the lysozyme IC 50-DEX , and 24 h urinary cortisol levels. Significant cross-sectional correlations at post-treatment between the lysozyme IC 50-DEX and PTSD symptom severity, and PTSD-associated symptoms of depression and anxiety, confirmed the utility of this biomarker in association with state.
Effect of treatment on symptoms
The rationale for including MA as an alternative intervention was the concern that there might be an insufficient number of treatment non-responders to PE based on civilian efficacy studies. However, a significant advantage of PE over MA in reducing PTSD was not demonstrated for treatment completers. PE is considered a first line treatment for combat veterans with PTSD [41] , though the effect size for this treatment in combat veterans is not as high as in civilians [42] . Having a biological predictor of positive response to PE, or any other psychotherapy, would be highly advantageous in a clinical environment [2] .
Biological prediction of treatment response: implications of BCLI polymorphism
A positive treatment response was more common among G-carriers than in those homozygous for the wild-type C-allele. Bachmann et al. [26] previously demonstrated that the G allele was associated with higher GR sensitivity in Vietnam veterans. By contrast, van Zuiden et al. [43] recently reported that differences in BCLI genotype were not associated with the observation of an increased GR number at pre-deployment in veterans at increased risk for PTSD development following combat exposure. Thus, the BCLI genotype may associate with GR responsiveness as it is manifest in persons after they develop PTSD (i.e. as a prognostic indicator, in this case, of recovery in a group of veterans with PTSD), but may not be associated with the PTSD risk factor of increased GR number prior to trauma exposure, or even with the development of PTSD following exposure. Indeed, although allelic variations of this gene have been associated with GR responsiveness in a population-based cohort of more than 7000 healthy persons [25, 44] , they were not associated with PTSD risk per se, nor has this gene been identified in any genome-wide association studies in PTSD to date [45] . In this study, the BCLI genotype was not observed to associate with glucocorticoid sensitivity as measured by the lymphocyte lysozyme IC 50-DEX at baseline within the narrow range of severe PTSD observed in this pre-treatment sample, but predicted the change in this measure in response to treatment.
Glucocorticoid sensitivity alterations associate with symptom improvement
The lysozyme IC 50-DEX , an in vitro index of glucocorticoid sensitivity in PBMCs, and 24 h urinary cortisol excretion, a rsfs.royalsocietypublishing.org Interface Focus 4: 20140048 measure of adrenal glucocorticoid production, do not distinguish responders and non-responders at pre-treatment. However, both measures change over the course of treatment in association with responder status. As such, each may provide a clue to mechanisms of therapeutic change and may represent potential targets for treatment development. Higher levels of bedtime salivary cortisol also predicted the change in PTSD severity from pre-to post-treatment and follow-up. Elevated levels of bedtime cortisol reflect a greater dynamic range of cortisol throughout the diurnal cycle, as previously observed in PTSD [46] . Cortisol circadian rhythmicity is thought to reflect a more upstream process that may in fact regulate glucocorticoid sensitivity in target tissues in a gene-specific fashion [47] .
Resilience-related prognostic markers
NPY and DHEA/cortisol were associated with the prediction of treatment response to psychotherapy. The DHEA/ cortisol ratio has been proposed as a resilience marker and associated with successful adaptation to stress [48] . DHEA is known to have neuroprotective and functionally enhancing properties in animal studies [49] and has been linked with resilience-related qualities such as self-efficacy, optimism, social support and well-being in a non-clinical sample [50] . We and others have reported increased DHEA and DHEA-S in association with recovery from PTSD in combat veterans [38, 51] , a finding that has also been observed in civilian trauma survivors with PTSD [14] . More recently, DHEA was demonstrated to have anabolic properties, whereas DHEA-S has been shown to have neuroprotective qualities in warfighters, a fact that has led to treatment trials with DHEA and DHEA-S supplementation during military training [48, 52] .
NPY is a peptide with behaviourally relevant effects on the hippocampus and is thought to function as an anxiolytic [53] . There are important functional interactions between NPY and corticotropin-releasing factor (CRF) such that NPY counteracts the anxiogenic effects of CRF in brain regions like the amygdala [53] . NPY also has counterregulatory effects on catecholamines in many brain areas associated with anxiety, fear and depression [54, 55] . Preliminary studies have demonstrated that persons under extreme stress with high NPY levels show better performance than those with low levels of NPY [56] . Similarly, patients with PTSD have reduced baseline plasma NPY levels and a blunted yohimbine-induced NPY increase in comparison to controls [57] . Plasma NPY levels were directly associated with recovery from PTSD, as they were significantly higher in combat veterans with past, but not current PTSD, compared with veterans with current PTSD or veterans who never developed PTSD [38] . More recently, NPY at post-treatment was predicted by pre-treatment GR 1F promoter methylation in a subset of this sample [9] . The association of NPY not only with PTSD reduction, but also with reduction in secondary outcome measures suggests that this peptide is a general marker of resilience rather than a specific indicator of reduced PTSD severity. In repeated measures ANCOVA, NPY was the only marker that was associated with treatment regardless of responder status, indicating that plasma NPY not only predicted change, but was itself changed even following more modest treatment gains.
State-related markers: glucocorticoid sensitivity
In this study, glucocorticoid sensitivity clearly emerged as a state-related marker for PTSD symptom severity at post-treatment using the lysozyme IC 50-DEX . Notably, GR sensitivity as reflected by the lysozyme IC 50-DEX was predicted by the BCLI genotype. Glucocorticoid sensitivity has been associated with PTSD risk, but was not associated with prediction of treatment response in this study.
Interaction between biological and psychological indices of post-traumatic stress disorder
In addition to the ability to detect potential clinically useful biomarkers, examinations of biological measures before and after treatment can also serve the purpose of enhancing our understanding of mechanisms underlying PTSD symptoms and recovery. We have previously suggested that enhanced glucocorticoid circadian rhythmicity in the context of lower cortisol and greater GR responsiveness reflects a greater capacity for engagement with the environment, and have contrasted the PTSD HPA-axis phenotype with that associated with major depression in which greater cortisol levels, decreased GR responsiveness and flattened glucocorticoid circadian rhythm result in a decreased capacity for environmental engagement [19] . It may be that in the absence of a therapeutic environment, the HPA-axis adaptations of PTSD lead to exaggerated or overgeneralized responses to traumatic triggers. However in the presence of positive or guided therapeutic influences these biological changes may catalyse greater therapeutic gains.
Summary
In sum, the results of this study suggest that G-carriers of the GR BCLI polymorphism, higher levels of plasma NPY, a lower DHEA/cortisol ratio, and lower levels of 24 h urinary cortisol excretion at pre-treatment predict recovery from PTSD or less severe PTSD symptom ratings at post-treatment. Higher bedtime salivary cortisol at pre-treatment also predicted greater symptom reduction in PTSD severity at posttreatment. Glucocorticoid sensitivity was reduced in concert with treatment-related PTSD symptom reduction. Other pre-treatment factors that emerged as predictors of a positive response included higher social support. The combination of these factors may serve to create a profile of a good treatment responder. The fact that large response differences did not emerge between people assigned to PE versus MA suggests that even minimal interventions can be effective in reducing symptoms of PTSD in veterans. Factors that changed in association with treatment response were related to glucocorticoid sensitivity, suggesting that they may serve as markers of treatment response. Finally, NPY emerged as the only marker that changed over time with symptom change, but not differentially in responders versus non-responders. This suggests that NPY is a general marker of state-related distress, including changes in PTSD and depressive symptoms. While the range of conflicts and eras represented in the sample increase generalizability, the relatively small sample size is a limitation of this study, particularly regarding the genotype finding. Replication in larger studies with racially diverse samples of men and women is needed.
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